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Abstract

Introduction: Intracranial hypertension (IH) is a serious complication derived from increased pressure of brain content. It has been shown that

dilation of the optic nerve sheath is a manifestation prior to the elevation of intracranial pressure (ICP) since it is a central nervous system continuum.
Acute neurological injury (ANI) is a serious disease with a high risk of mortality and sequelae with non-specific clinical signs. ICP monitoring
requires invasive instrumentation; however, now there is non-invasive monitoring by transorbital ocular ultrasonography, which measures the optic
nerve sheath diameter (ONSD). Therefore, we propose a new variability index of the optic nerve sheath diameter (VIONSD) that allows determining
the response to hyperosmolar therapy treatment as it is an alternative neuromonitoring method.

Objective: To determine the VIONSD for the treatment with hyperosmolar therapy in patients with ANI in the Neurointensive Care Service of the
Hospital General de Ecatepec “Las Américas” in the State of Mexico, Mexico, by carrying out a prospective longitudinal observational analytical study.

Results: The trial included 29 patients with a median age of 42 years with a range of 30 to 58 years. A significant difference was obtained
between the Glasgow score and the variability of the optic nerve diameter of < 0.05 in pre- and post-treatment. A ROC curve for the VIONSD was
made by finding a cut-off point between the responder (6 %) and a cut-off point for the VIONSD with the score of the Glasgow coma scale (4.72 %).

Conclusions: The VIONSD measurement was determined as a tool for monitoring patients with ANI, which is a dynamic process in the changes

of intracerebral pressure that has a change in the ONSD in a 30-minutes average time.

Keywords: Optic nerve sheath diameter; Intracranial hypertension; Neurological injury; Variability index of the optic nerve sheath diameter;

Optic transcranial ultrasound

Introduction

According to the State Population Council (COESPO), the State
of Mexico reports diseases with neurological affection as a health
problem due to high incidence, where head trauma is the main cause
that affects the population of productive working age between the
ages of 35 to 44 years [1]. Therefore, the functional and economic
impact of these patients is highly worrisome because those who
survive present significant sequelae and often require assistance or
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medical care for many years. Elevated intracranial pressure (ICP)
is a serious complication often leading to adverse outcomes [2,3].
This is both a medical and a surgical emergency, which represents
an indication for its close monitoring and aggressive treatment [4-
7]. It is identified as a syndrome with multiple etiologies, whose
diagnosis and treatment must be carried out urgently to save the
patient’s life and prevent the development of significant disabilities.
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The dilation or increase of the Optic Nerve Sheath Diameter
(ONSD) by the pressure increase of the cerebrospinal fluid has
been shown to be the manifestation prior to the ICP elevation
because it is a continuum of the brain and the structures that wrap
it. The ONSD measurement is quite easy to visualize and perform
with ultrasonography through the insonation of the eye through
the orbit, where intracranial hypertension (IH) can be evaluated
and diagnosed in traumatic brain injury, as well as in intracranial
hemorrhage, and extensive cerebral infarcts [2,4,5]. It is important
to determine comprehensive neurological monitoring to help the
clinician in the patient’s diagnosis, decision-making, and follow-
up [6]. The use of ultrasound in daily clinical practice and at the
bedside of the patient has been implemented as an integral part of
the clinical approach in units receiving seriously ill patients [7-10].

Continuous neuromonitoring of these patients will make it
possible to have a functional impact on the prognosis (considering
the score of the Glasgow coma scale) and probably on mortality, as
well as to provide treatment for IH with the use of hyperosmolar
therapy [6,7]. This is a frequently used treatment measure in which
various invasive and non-invasive devices are used to assess the
behavior of the IH [8-13]. Thus, transorbital ocular ultrasound
monitoring is a very acceptable proposal, but up to now the dynamic
changes that the optic nerve sheath could have with hyperosmolar
therapy have not been reported. The index of variability of the optic
nerve sheath diameter (VIONSD) was proposed by Dr. Montelongo
in 2015, after the analysis of 189 cases [14] with acute neurological
injury, 92 % of them with severe cranioencephalic trauma. In this
index, dynamic changes in the ONSD to hyperosmolar treatment
with or without hyperventilation, and changes that were observed
in a period of 15 to 60 minutes after administering said therapy
are described. Likewise, since the ONSD is influenced by the
subarachnoid space thickness, an index of variability (similar
to the vena cava since it is a fluid) of the flow of cerebrospinal
fluid is proposed. This represents a percentage, objective, and
measurable change in the response to hyperosmolar treatment
and can be a reference method for targeted treatments, in this case
for acute brain injury, mainly with disruption and/or integrity of
the blood-brain membrane. Therefore, the purpose of our study is
to calculate the variability index to determine the responders and
non-responders to hyperosmolar treatment, allowing us to make
better clinical and surgical decisions.

Material and Methods

This is a prospective, longitudinal, analytical, and observational
study. The target group consisted of hospitalized patients in the
Neurointensive Care Unit of the Hospital General de Ecatepec “Las

Table 1: The percentage variation was determined by a variability index.

Américas”, Instituto de Salud del Estado de México, Mexico, from
May 2018 to August 2019.

Inclusion criteria

e  Patients aged 16 years or older with a diagnosis of acute brain
injury

Exclusion criteria

e  Patients under 16 years

e Patients who did not complete the ultrasonographic
measurement of the ONSD

e  Patients without criteria for acute brain injury

e Patients who did not require treatment with hyperosmolar
therapy (20 % mannitol or 3 % saline solution)

Procedures and technique

. Firstly, the informed consent from the relatives due to
the patient’s critical condition was obtained. Siemens Acuson
Freestyle and Sonostar ultrasounds were used. The measurements
to the optic nerve sheath were performed as follows: a linear
transducer (7.5 - 13 MHz) was placed on each patient’s eyelid,
after placing a sterile jelly. This was performed without direct
pressure on the eyeball to avoid retinal detachment or increased
intraocular pressure. The optic nerve was collected in B-mode and
then the retina-optic nerve junction was measured by counting
3.0 mm vertically. Subsequently, a perpendicular line was drawn,
and the sheath diameter was measured (from outer edge to
outer edge of the dura mater). This was performed three times
in a cross and longitudinal section to reduce the margin of error
in the measurement to obtain an average of the right eye sheath
(ARONSD) and the left eye (ALONSD). In addition, a global average
of both sheaths (GAONSD) was performed. Following Raffiz et al.
[15], intravenous hyperosmolar therapy with mannitol at 1 g/kg/
dose or 3 % saline solution at 2 ml/kg/bolus was administered to
patients that presented a diameter greater than 5.20 mm. After 30
minutes, the same measurement was performed and the percentage
of variability of the optic nerve sheaths (VIONSD) was determined,
thus concluding the procedure for each administered treatment
(Figure 1 & 2).

The percentage variation was determined by a variability
index with the following formulas: (Table 1)

. The optic nerve sheath measurements were always
performed by the same operator and were then validated by another
physician expert in ultrasonography with a p > 0.05, interobserver.

2

ARONSD *+ALONSD **

= GAONSD ***

Pre—treatment GAONSD — Post — treatment GAONSD

x100 = VIONSD ****

Pre—treatment GAONSD

*ARONSD: Average right-eye optical nerve sheath diameter
**ALONSD: Average left-eye optical nerve sheath diameter
***GAONSD: Global average of optical nerve sheath diameter

****\/IONSD: Variability index of the optical nerve sheath diameter
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. Descriptive and analytical statistical analysis was o The x2 test was performed to determine the association
performed with the IBM SPSS Statistics v.23 software. Differences  between the responder and non-responder groups.
in the pre- and post-treatment variables of the optic nerve sheath
and Glasgow coma scale were obtained with the Wilcoxon test for
variables related to free distribution, while Student’s t distribution

. To perform VIONSD cut-off points to determine a score on
the Glasgow coma scale, a ROC curve and a 2x2 square are used,
where sensitivity, specificity, positive and negative predictive value,

was used for normal distribution variables.
and likelihood ratio are obtained.

Figure 2: Post-treatment sheath measurement (ONSD = 4.80 mm).
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Results

Of the 29 patients studied, 69 % were male and the median
age was 42 years. The most common initial diagnosis was severe

Table 2: General characteristics of neurological patients.

cranioencephalic trauma. 41.3 % of the patients received 3 %
saline treatment, while 58.7 % received mannitol treatment. All
patients underwent pre- and post-treatment optic nerve sheath
measurements, which are described in Table 2.

*Male (%) 20 69
*Female (%) 9 31
*Cranioencephalic trauma (%) 22 76
*Hemorrhagic cerebrovascular event (%) 3 10.3
*Penetrating trauma by FAP (%) 1 3.4
*Subarachnoid hemorrhage (%) 3 10.3
*Treatment with 3% SS (%) 12 41.3
*Treatment with mannitol (%) 17 58.7
Median IQR
**Age (years) 42 (30-58)
**Glasgow at admission (points) 6 (6-8)
**Glasgow at discharge (points) 11 (9-13)
**Right-eye difference (mm) 0.38 (0.28 - 0.55)
**Left-eye difference (mm) 0.28 (0.13-0.47)
**Variability index of right eye (%) 6.4 (49-9.3)
**Variability index of left eye (%) 5.3 (2.6-7.8)
Media SD
*Right eye diameter (mm) 5.86 0.47
“Post-treatment right eye diameter (mm) 5.45 0.53
*Left eye diameter (mm) 5.71 0.58
*Post-treatment left eye diameter (mm) 5.43 0.63
*Global pre-treatment diameter of the optical nerve sheath (mm) 5.79 0.48
*Global post-treatment diameter of the optical nerve sheath (mm) 5.44 0.53
*Variability index (%) 6.03 3

*Qualitative variables expressed in frequency and percentage.

**Quantitative variables expressed as median and interquartile ranges (IQR) +Variables expressed as mean with standard deviation. SS: saline solu-

tion: FAP: firearm projectile.

Table 3: Differences in the variables of the optic nerve sheath and the pre- and post-treatment Glasgow coma scale.

Glasgow® (points) 6(6-8) 11(9-13) <0.01
Right AONSD? (mm) 5.86 (0.47) 5.45 (0.53) <0.01
Left AONSD® (mm) 5.71 (0.58) 5.43 (0.63) <0.01
Global AONSD® (mm) 5.79 (0.48) 5.44 (0.53) <0.01

2Variable expressed as median and interquartile ranges (IQR) for the difference; the Wilcoxon test is used. *Variables expressed as mean and stan-
dard deviation (SD) for the difference; Student’s t-test is used for related samples. AONSD: Average of optical nerve sheath diameter.

Differences in the averages of the right, left and global optic
nerve sheath are shown in Table 3, as well as the pre-treatment and
post-treatment Glasgow score (Table 3).

Cut-off points for patients responding to hyperosmolar
treatment are identified by a ROC curve; then considering the
percentage change of the dynamic change in ONSD, a VIONSD of

6.03 % was obtained. Later, an association using x2 was made to
verify those responding patients with a VIONSD > 6 %, and it was
considered significant with a p < 0.05. Additionally, a VIONSD cut-
off point was identified with the score of the Glasgow coma scale,
and a score of 4.72 % was determined with a 76 % sensitivity and a
specificity of 50 %. With an area under the curve of 0.58 and a 95 %
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confidence interval (CI) (0.362, 0.814), a positive predictive value  obtained. This was obtained considering a 2.1 positive likelihood
(PPV) of 55 % and a negative predictive value (NPV) of 65 % are ratio and a 1.5 negative likelihood ratio (Figure 3).
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Figure 3: ROC curve to determine a Glasgow score greater than 11 points.
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There were 13 patients with a VIONSD > 4.72 % and a Glasgow  76.5 % of all those who do not have a major neurological deficit
score greater than 11 points at discharge, which corresponds to  (Table 4).
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Table 4: Glasgow and VIONSD ratio.

VIONSD <4.72 %

5 (41.7 %) 4(23.5%)

VIONSD > 4.72 %

7 (58.3 %) 13 (76.5 %)

TOTAL

12 (100 %) 17 (100 %)

VIONSD: Variability index of the optical nerve sheath diameter.

However, it is not significant to associate this cut-off point
with Glasgow at discharge since this study has a small number
of participants, so it is necessary to expand the target group to
determine if there is significance. In addition, it can be adjusted
with some other variables that may influence the prognosis.

Discussion

In our study, 69 % of the patients were male, with an average
age of 40 years (a productive age), and severe head trauma was
the main cause of admission, which was probably related to a poor
culture of road and labor safety. The Glasgow average score at
hospital admission was 6 points (min. 6 points) and at discharge
from the Neurointensive Unit was 11 points (max. 13 points),
which represents a likely satisfactory neurological recovery. The
use of the hyperosmolar drug with 3 % saline solution and 20 %
mannitol was almost homogeneous and was mainly determined by
its availability in the Neurointensive Care Unit of 41 % and 58 %,
respectively. This study demonstrated that the use of hyperosmolar
therapy ostensibly decreased the average of the right, left, and
global ONSD per administered hyperosmolar treatment by .34
mm. In addition, we found that the right optic nerve modified its
diameter more intensely than the left optic nerve with a median
of .38 mm. This was attributed to the least-damaged side of the
cerebral hemisphere which kept the blood-brain barrier mostly
complete, and the movement of cerebrospinal fluid had a better
absorption.

Given the demonstrated dynamic changes in the ONSD, we
propose a variability index (VIONSD) equal to or greater than
6 % as a reference point for responders and non-responders to
hyperosmolar treatment for all patients of this small-scale study.
This is an innovative proposal for the management of neurocritical
patients. Likewise, in our study, when comparing the Glasgow at
admission and discharge of the responders and considering those
who recovered clinically better (a Glasgow of 11 points or greater),
a VIONSD > 4.72 % was obtained in 13 patients. This means that a
patient with a VIONSD < 4.72 % has a 55 % probability of having a
neurological deficit, while those with a VIONSD > 4.72 % have a 65
% probability of not presenting a major neurological deficit, which
translates as a Glasgow score at discharge greater than 11 points.

This could have a significant impact on the magnitude of
neurological sequelae and a faster recovery.

In addition, in a different sub-analysis, the patients with head
trauma responded adequately or better, considering the cause of
hospital admission.

Conclusions

In this study, we determined the variability index of the
optic nerve sheath diameter as a reference point that allows
the clinician to make decisions quickly, at the bedside, through a
simple method of neuromonitoring that can impact treatment,
the prognosis, and, probably, the sequelae. The early diagnosis
of intracranial hypertension with a non-invasive method favors
the neuromonitoring of neurocritical patients. A larger sample of
patients is required to be conclusive. Finally, Raffiz M et al in their
study determined that an ONSD of 5.205 mm allows the detection
of traumatic and non-traumatic neurosurgical patients with an
early increase in IH [12]. Therefore, based on our results and taking
this ONSD cut-off point, we suggest the following management
algorithm (Figure 4):
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